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Two mass spectrometry techniques
are used at TITAN.
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The Measurement PEnning Trap
delivers the best resolving power.
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Fast beam preparation and the TOF-ICR technique has led
to measurements for half-lives as low as 9 ms (1Li*).

(P1-1CR forthcoming)

M. Brodeur et al., PRC 80 (2009) 024314; M. Brodeur et al., IJIMS 20 (2012) 310



Resolving power iIs boosted
her charge states.
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TITAN alone uses highly charged ions for

gains in resolving power, purification, & more.




Higher charge states resolved
isomers in ~*13%n and odd-A
=129Cd isotopes.

iIsomer ground state
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Isomers were used to improve the level schemes.
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High resolving power is needed to discern
the 100s of keV isomers with ground states.
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Penning trap mass spectrometry offers

(usually) higher precision than required.




A less demanding technique
Is the MR-TOF MS.
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Multi-Reflection Time-Of-Flight Mass Spectrometers
are based on simple kinematics.

YLS"OU 0 a Qd
L V¢O N g dx

“Ion source Electrostatic Electrostatic Detector
A mirror mirror

Separation increases with flight path A longer path length
OR multiple passes on same path



The TITAN MR-TOF was
commissi'oneo'l I\/Iay 201'7.
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MR-TOF offers accuracy & requisite precision.
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Back to the r-process ...




Surface-ionized contaminants (Rb, Cs,
Ianthanldes) pose a S|gn|f|cant challenge.
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MR-TOF is well suited for nucleosynthesis studies.

Precisions of dm/m~10-"

Sensitivity 21 ion
A low production yields

Fast (~3-10 ms)
A short half-lives
A short experiments

Broadband
A simultaneous measurements
A high contaminant rates

http://res.freestockphotos.biz/pictures/12/12889-illustration-of-a-red-heart-with-an-arrow-pv.png



Access to, quality of, & reach of beam are critical.




Fission produces 1
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ISAC + ARIEL = 3 RIBs
= 3 experill

« AETE: <100 kW, 35 MeV, electrons
« APTW/ITE /ITW: <50 kW, 500 MeV, <100

LA protons
« 2 low energy beams + 1 higher-energy bea
* > 9000 hours of RIB per year

—> ARIEL |
—> ARIEL I

 science interwoven with technical milestone
« 2020 beam to BNMR

« 2021 photo-fission beam to experiments
2022 ISOL beam to experiments




ARIEL benefits a suite of “r-process” experiments.
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“r-process” experiments
ready for the ARIEL era,
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(d,p) surrogate rxns
i A transfer rxns
Cyclotron capture rxns



‘r-process” experiments
ready for the ARIEL era, *

High Resolution
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T
Target Stations 500 MeV

DRAGON e
direct capture reactions

Cyclotron

incident
beam

TUDA
charged-
particle reactions




GRIFFIN +

B decay half-lives

' Bn branching ratios
—_| level schemes

Isomers

TIGRESS

“r-process” experiments
ready for the ARIEL era,

TITAN

masses, Q-values,
long-lived isomers
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TITAN’s mass measurements

* Precision (typical om = 10s keV)

« Single-ion sensitivity (MR-TOF)

« Broadband for contaminants (MR-TOF)

» High resolving powers (Penning trap + highly charged ions)

approach the r-process,
« ~100Rb/Sr

« <130Cd/In g.s. and isomers

° “‘85Ga

& will have better access with ARIEL.
« 2 spallation + 1 fission RIB

« >9000 RIB hoursly

 Increasing use of MR-TOF
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